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© A semiconductor memory device comprises a 
non-volatile memory cell array (70) having a plurality 
of memory cells (71), enhancement type load tran- 
sistors (73. 73') having a threshold voltage, and at 
least one peripheral circuit, such as level shifters 
(74), column decoders (76), etc., including enhance- 
ment type transistors having a threshold voltage. For 
increasing the writing speed of the memory cells 
(71 ), the threshold voltage of the enhancement type 
load transistors (73, 73') is set so that it is different 
from that of the enhancement type transistors of the 
peripheral circuit. For example, the threshold voltage 
of the enhancement type load transistors (73, 73') is 
lower than that of the enhancement type transistors 
of the peripheral circuit. 
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SEMICONDUCTOR MEMORY DEVICE INCLUDING NONVOLATILE MEMORY CELLS, ENHANCEMENT TYPE 
LOAD TRANSISTORS, AND PERIPHERAL CIRCUITS HAVING ENHANCEMENT TYPE TRANSISTORS 



This invention relates to a semiconductor 
memory device, and more particularly to a semi- 
conductor memory device including nonvolatile 
memory cell transistors. 

EPROMs (Erasable Programmable Read Only 
Memory), i.e., charge-injection type nonvolatile 
semiconductor devices, have been manufactured 
by such a method as is shown in Figs. 5A - 5D. In 
these figures, broken line 101 indicates the border 
between a memory cell and a load transistor, and 
broken line 102 the border between the load tran- 
sistor and a peripheral circuit. 

In the method, at first, a field oxide film 42 and 
a gate oxide film 43 are provided on a. semicon- 
ductor substrate 41 as shown in Fig. 5A. The 
semiconductor substrate surface is coated with a 
resist layer 44 as shown in Fig. 5B. Using pho- 
tolithography techniques, the resist film 44 is selec- 
tively removed to provide a window 46 for forming 
a channel region 45 of the memory cell transistor 
therein. Subsequently, impurity ions are implanted 
into the substrate through the window 46, followed 
by removing the resist film 44. As shown in Fig. 
5C, the substrate surface is coated with a resist 
film 47, and using photolithography techniques, the 
resist film 47 is selectively removed to provide 
windows 50 and 51 for forming channel regions 48 
and 49 of the load transistor and peripheral transis- 
tor, respectively. Thereafter, impurity ions are im- 
planted into the substrate through these windows 
SO and 51, and then the resist film 47 is removed. 
Finally, as shown in Rg. 5D, a floating gate 52, an 
oxide film 53 (provided between control and float- 
ing gates), a control gate 54, gate electrodes 55, 
diffused regions 56, an insulating film 57, an Al 
wiring layer 58. and a passivation film 59 are 
successively provided. 

The channel regions of the load transistors are 
formed by the same impurity ion implantation pro- 
cess (the same dose) as that of making the chan- 
nel regions of enhancement type transistors used 
in peripheral circuits. Accordingly, each load tran- 
sistor has a threshold voltage equal to that of each 
enhancement type transistor. 

The semiconductor memory device described 
above, however, has the following disadvantage. 

In general, the peripheral circuit includes at 
least one enhancement type transistor whose 
source potential is different from the substrate po- 
tential. The substrate is then biased relative to the 
source of the enhancement type transistor. There- 
fore, the threshold voltage may be increased under 
an operating condition in the enhancement type 
transistor of the peripheral circuit. The threshold 
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voltage is usually measured in a state in which the 
source and the substrate of the transistor are kept 
at the same potential. The threshold voltage may 
be also increased in each enhancement type load 

5 transistor connected to each memory cell transis- 
tor, because the source of the load transistor is not 
kept at the same potential as that of the substrate. 
In the enhancement type load transistor connected 
to the memory cell transistor, a voltage drop cor- 

w responding to the threshold voltage (Vth) may oc- 
cur, which will make the voltage applied to the 
memory cell transistor lower than the voltage ap- 
plied to a power supply voltage terminal. When the 
voltage applied to the memory cell transistor is 

75 lowered, the electric field between the drain and 
source regions may be decreased to reduce the 
quantity of generated carrier. Consequently, the 
writing speed to the memory cell may be lowered. 
On the one hand, since current leakage occurs 

20 between the source and drain regions of the tran- 
sistors in the peripheral circuits, it cannot be possi- 
ble to set the threshold voltage of each enhance- 
ment type transistor at a low value. On the other 
hand, each enhancement type load transistor has a 

25 comparatively long gate length (L poly), the prob- 
lem of the current leadkage may not occur. There- 
fore, it may be possible to set the threshold voltage 
at a low value. 

As described above, in the conventional semi- 

30 conductor memory device including charge-injec- 
tion type nonvolatile memory cell transistors, the 
voltage applied from the power supply may be 
greatly lowered in the enhancement type load tran- 
sistors, thereby decreasing the writing speed into 

35 the memory cells. 

It is an object of the invention to provide a 
semiconductor memory device having a high writ- 
ing speed. 

It is another object of the invention to provide a 
40 semiconductor memory device in which a voltage 
supplied from a power supply is not greatly lower- 
ed by load transistors incorporated therein. 

According to one aspect of the present inven- 
tion, there is provided a semiconductor memory 
45 device which comprises a nonvolatile memory cell 
array having a plurality of memory cells, enhance- 
ment type load transistors having a threshold volt- 
age, and at least one peripheral circuit, such as 
level shifters, column decoder, etc.. including en- 
50 hancement type transistors having a threshold volt- 
age. For increasing the writing speed of the mem- 
ory cells, the threshold voltage of each of the 
enhancement type load transistors is set so that it 
is different from that of the enhancement type 
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transistors of the peripheral circuit. For example, 
the threshold voltage of enhancement type load 
transistors is lower than that of the enhancement 
type transistors of the peripheral circuit 

The novel and distinctive features of the inven- 
tion are set fourth in the claims appended to the 
present application. However, the invention togeth- 
er with further objects and advantages thereof may 
best be understood by reference to the following 
description and accompanying drawings in which: 
Figs. 1A through 1E are partial sectional views 
for explaining a semiconductor memory device 
and control of a threshold voltage of circuit 
elements according to one embodiment of the 
present invention; 

Figs. 2A and 2B are graphs showing the char- 
acteristics of the semiconductor memory device 
according to the embodiment of the present 
invention; 

Fig. 3 is a circuit diagram showing a structure of 
the semiconductor memory device according to 
the embodiment of the present invention; 
Figs. 4A and 4B are circuit diagrams showing 
peripheral circuits shown in Fig. 3; and 
Figs. 5A through 5D are partial sectional views 
for explaining control of a threshold voltage of 
circuit elements in a conventional semiconductor 
memory device. 
A semiconductor memory device according to 
an embodiment of the present invention will be 
described in detail with reference to the drawings. 

In Figs. 1A through 1E, broken line 1 indicates 
the border between a memory cell and a toad 
transistor, and broken line 2 the border between 
the load transistor and a peripheral circuit, respec- 
tively. 

As shown in Fig. 1A, a field oxide film 12 and a 
gate oxide film 13 are formed on a semiconductor 
substrate 11 by means of LOCOS (Local Oxidation 
of Silicon) techniques. 

Then, as shown in Fig. 1B, after the substrate 
surface is coated with a resist film 14, using pho- 
tolithography techniques the resist film 14 is selec- 
tively removed to provide a window 16 for forming 
a channel region 15 of the memory cell transistor 
therein. Subsequently, impurity ions are implanted 
into the substrate through the window 16, followed 
by removing the resist film 14. 

As shown in Fig. 1C, the substrate surface is 
coated with a resist film 17, and using photolithog- 
raphy techniques the resist film 17 is selectively 
removed to provide a window 19 for forming a 
channel region 18 of the load transistor therein. 
Thereafter, an ion implatation is carried out through 
the window 19 so that the threshold voltage of the 
load transistor may become 0.6 V, and the resist 
film 17 is removed from the substrate surface. 

Subsequently, as shown in Fig. 1D, the sub- 



strate surface is coated with a resist film 20, and 
using photolithography techniques the resist film 20 
is selectively etched to provide a window 22 for 
forming a channel region 21 of an enhancement 

5 type transistor included in peripheral circuits. Impu- 
rity ions are implanted into the substrate so that the 
threshold voltage of the enhancement type transis- 
tor may become 0.8 V. The resist film 20 is then 
removed from the substrate surface. 

w Finally, as shown in Fig. 1E, a floating gate 23, 

a control gate 25, an oxide film 24 provided be- 
tween the gates 23 and 25, gate electrodes 26, 
diffused regions 27 (source and drains regions), an 
insulating films 28, an A1 wiring layer 29, and a 

75 passivation film 30 are successively provided. 

In the present invention as described above, 
the channel regions of both the enhancement type 
load transistor and the enhancement type transistor 
in the peripheral circuit are subjected to the dif- 

20 ferent ion implantation processes to control the 
threshold voltage thereof, while they are subjected 
to the same ion implantation process in the con- 
vention device. 

The power consumption of the memory cell 

25 transistors can be reduced when the threshold volt- 
age of each enhancement type load transistor con- 
nected to each memory cell transistor is made 
higher than that of each enhancement type transis- 
tor included in t?^9 peripheral circuits. 

30 Further, even if a semiconductor memory de- 

vice includes 5 V system transistors and high volt- 
age system transistors to render a different thick- 
ness in their gate oxide films, a semiconductor 
substrate may be subjected to different ion im- 

35 plantation processes to provide channel regions for 
load transistors, 5 V system transistors and high 
voltage system transistor, respectively. 

Fig. 2A shows a static characteristic 31 of the 
EPROM cell and load characteristics 32 of the load 

40 transistor. In this figure, Vpp is the voltage applied 
between source and drain regions of the memory 
ceil, and Ipp is the current flowing therebetween. 
A1 and A2 indicate an operating point of a writing 
circuit and a voltage applied to the drain region of 

45 the cell when the load transistor has the threshold 
voltage of 0.8 V, respectively. B1 and B2 indicate 
the operating point of the writing circuit and the 
voltage applied to the drain region of the cell when 
the load transistor has the threshold voltage of 0.6 

• so V, respectively. As can be understood from the 
graph, when the threshold voltage of the load tran- 
sistor is low, the current Ipp flowing through the 
cell at the operating point of the writing circuit may 
be increased. Therefore, the writing characteristic 

55 of the memory cells may be improved. Fig. 2B 
shows the writing characteristics as an improve- 
ment of a writing speed. In the figure, tpw is the 
writing time into the memory cell, and Vth is the 
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threshold voltage of the memory cell. Curves T A 
and T B indicate the writing characteristic when the 
threshold voltage of the load transistor is 0.8 v and 
0.6 V. respectively. The time required for that the 
threshold voltage of the memory cell transistor 
reaches a sense level (Ls), that is, the writing time 
is given by 300 us in T A and by 60 uls in T B , 
respectively. Accordingly, if the threshold voltage is 
decreased by 0.2 V only, the writing speed may be 
increased by 5 times. 

Fig. 3 shows a circuit configuration of the EP- 
ROM, which includes an array 70 of charge-injec- 
tion type memory cell transistors 71, enhancement 
type load transistors 73 for selecting respective 
columns 72, level shifters 74, a sense amplifier 75, 
column decoders 76. row decoders 77, and the 
like. In Fig. 3, the enhancement type transistors 73 
and 73' are enhancement type load transistors for 
the charge-injection type non-volatile memory cell 
transistors 71. The level shifters 74 and column 
decoders 76 are connected to the enhancement 
type load transistors and provide one of the periph- 
eral circuits including enhancement type transis- 
tors. 

A voltage Vpp (e.g. 12 V) is applied to the 
enhancement type load transistors 73 and 73' 
through a power supply voltage terminal 78 to 
perform writing to a desired memory cell transistor 
71. For carrying out a reading operation of the 
memory cell transistor 71, a voltage Vcc (e.g. 5 V) 
is applied through the corresponding enhancement 
type load transistor 73 thereto. 

Figs. 4A and 4B show one example of the 
known level shifter 74, and decoders 76 and 77, 
shown in Fig. 3, which provide the peripheral cir- 
cuits. These circuits include enhancement type 
field effect transistors. 

Specifically, in the level shifter 74 shown in 
Fig. 4A, a first series circuit, comprised of an N- 
channel transistor T1 and a P-channel transistor 
T2, and a second series circuit, comprised of an N- 
channel transistor T3 and a P-channel transistor 
T4, are connected in parallel between a power 
supply voltage (Vpp) terminal and a ground termi- 
nal. The connection point between the transistors 
T1 and T2 is connected to the gate of the transistor 
T3. while the connection point between the transis- 
tors T3 and T4 is connected to the gate of the 
transistor T1 . Further, a inverter comprised of an N- 
channel transistor T5 and a P-channel transistor T6 
is connected between a power supply voltage (Vcc) 
terminal and a ground terminal. The gates of the 
transistors T5 and T6 are connected to the gate of 
the transistor T2 in common, while the connection 
point between the transistors T5 and T6 is con- 
nected to the gate of the transistor T4. An input 
terminal 41 1 is connected to the gate of the tran- 
sistor T2, and an output terminal 412 is connected 



to the connect between the transistors T3 and T4. 
Upon supply of an input signal, the voltage Vpp is 
fed from the output terminal 41 2. 

The decoders 76 and 77 shown in Fig. 4B have 

5 the same circuit configuration. In the decoder, P- 
channel transistors T3 and T4 are connected in 
series with a parallel circuit comprised of N-chan- 
nel transistors T1 and T2. The gate of the transistor 
T3 is connected to the gate of the transistor T1 

10 connected to a first input terminal 421, and the 
gate of the transistor T4 is connected to the gate of 
the transistor T2 connected to a second input ter- 
minal 422, thereby providing a NAND circuit. The 
NAND circuit is connected in series with an inverter 

is provided by an N-channel transistor T5 and a P- 
channel transistor T6. The connection point be- 
tween the transistors T5 and T6 is connected to an 
output terminal 423. A power supply Vcc/vpp is 
connected to one end of the transistors T1 , T2 and 

20 T5 to perform a described operation. 

The present invention can be also applied in 
the case where the threshold voltage of the en- 
hancement type load transistor is different from a 
threshold voltage of each enhancement type tran- 

25 sistor included in the sense amplifiers or in I/O 
buffers. 

Further, the present invention is not limited to 
the EPROM mentioned above, but it will be ap- 
plicable to EEPROMs (Electrically Erasable and 

30 Programmable Read Only Memories). 

According to the present invention as de- 
scribed above, in the semiconductor memory de- 
vice including charge-injection type nonvolatile 
memory cell transistors, the voltage supplied from 

35 the power supply will not be greatly lowered by the 
enhancement type load transistors, resulting in the 
high writing speed. 

It is further understood by those skilled in the 
art that the foregoing description is a preferred 

40 embodiment of the disclosed device and that var- 
ious changes and modifications may be made in 
the invention without departing from the spirit and 
scope thereof. 

45 Claims 

1. A semiconductor memory device comprising a 
semiconductor substrate (11) including a non- 
volatile memory cell array (70), enhancement 

50 type load transistors (73, 73') having a thresh- 

old voltage, and at least one peripheral circuit 
(74, 76, 77) including enhancement type tran- 
sistors having a threshold voltage, 

characterized in that said threshold voltage 

55 of said enhancement type load transistors (73, 

73') is different from that of said enhancement 
type transistors of said peripheral circuit (74, 
76, 77). 
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The semiconductor memory device according 
to claim 1, 

characterized in that said threshold voltage 
of said enhancement type load transistors (73, 
73 1 ) is lower than that of said enhancement s 
type transistors of said peripheral circuit (74, 
76, 77). 

The semiconductor memory device according 

to claim 2, ?o 

characterized in that said threshold voltage 
of said enhancement type load transistors (73, 
73') is approximately 0.6 V, while said thresh- 
old voltage of said enhancement type transis- 
tors of said peripheral circuit (74, 76, 77) is 75 
approximately 0.8 V. 

The semiconductor memory device according 
to claim 1 

characterized in that said semiconductor 20 
substrate has power supply voltage terminals. 

The semiconductor memory device according 
to claim 1 , 

characterized in that said nonvolatile mem- 25 
ory cell array (70) includes a plurality of mem- 
ory cell transistors (71) each having a source 
and a drain. 



tors (71) is connected to the other of said 
source and drain in each of said enhancement 
type load transistors (73). 

11. The semiconductor memory device according 
to claim 1 , 

characterized in that said peripheral circuit 
(74) is connected to said gate of each of said 
enhancement type load transistors (73). 



6. The semiconductor memory device according 
to claim 1 , 

characterized in that each of said enhance- 
ment type load transistors (73, 73') has a 
source, a drain and a gate. 

7. The semiconductor memory device according 
to claim 1 , 

characterized in that each of said enhance- 
ment type transistors of said peripheral circuit 
(74, 76, 77) has a source and a drain. 

8. The semiconductor memory device according 
to claim 1, 

characterized in that said peripheral circuit 
includes at least level shifters (74) and column 
decoders (76). 

9. The semiconductor memory device according 
to claim 6, 

characterized in that one of said source 
and drain in each of said enhancement type 
load transistors (73) is connected to one of 
said power supply voltage terminals (78). 

10. The semiconductor memory device according 
to claim 5, 

characterized in that one of said source 
and drain in each of said memory cell transis- 
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